Partial supersymmetry breaking and AdS4 supermembrane  by Delduc, F. et al.
Physics Letters B 529 (2002) 233–240
www.elsevier.com/locate/npe
Partial supersymmetry breaking and AdS4 supermembrane
F. Delduc a, E. Ivanov b, S. Krivonos b
a Laboratoire de Physique, Groupe de Physique Théorique ENS Lyon, 46, allée d’Italie, F-69364, Lyon cedex 07, France
b Bogoliubov Laboratory of Theoretical Physics, JINR, Dubna, 141 980 Moscow region, Russia
Received 31 December 2001; accepted 31 January 2002
Editor: L. Alvarez-Gaumé
Abstract
We consider partial spontaneous breaking of N = 1 AdS4 supersymmetry OSp(1|4) down to N = 1, d = 3 Poincaré
supersymmetry in the nonlinear realizations framework. We construct the corresponding worldvolume Goldstone superfield
action and show that it describes the N = 1 AdS4 supermembrane. It enjoys OSp(1|4) supersymmetry realized as a field-
dependent modification of N = 1, d = 3 superconformal symmetry and goes into the superfield action of ordinary N = 1, D = 4
supermembrane in the flat limit. Its bosonic core is the Maldacena-type conformally invariant action of the AdS4 membrane. We
show how to reproduce the latter action within a nonlinear realization of the AdS4 group SO(2,3). The same universal nonlinear
realizations techniques can be used to construct conformally-invariant worldvolume actions for (D−2)-branes in generic AdSD
spaces.
 2002 Published by Elsevier Science B.V.
1. Introduction
A view of superbranes as theories explicitly ex-
hibiting the phenomenon of partial spontaneous break-
ing of global supersymmetry (PBGS) [1,2] received a
considerable attention (see, e.g, [3,4] and references
therein). In the approach with PBGS as the guiding
principle, the manifestly worldvolume supersymmet-
ric superbrane actions emerge as the Goldstone super-
field actions associated with nonlinear realizations of
some global space–time supersymmetry groups spon-
taneously broken down to smaller supersymmetries.
Until now, the PBGS approach was applied to spon-
taneously broken Poincaré supersymmetries in diverse
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dimensions, in general properly extended by some
central-charge generators. All systems of this kind
amount to p- or Dp- superbranes on flat Minkowski
backgrounds. It is tempting to generalize the PBGS
approach to the case of branes on curved back-
grounds. In view of the famous AdS/CFT correspon-
dence [5–7], the natural first step is to look at the
AdSn × Sm-type backgrounds. The Green–Schwarz-
type worldvolume actions for superbranes on such
backgrounds were intensively discussed in literature
(see, e.g., [8–11]). However, no relevant worldvolume
superfield actions were explicitly constructed so far.
In this Letter we present the PBGS action for a sim-
ple example of AdS superbranes, the AdS4 supermem-
brane, and demonstrate that it goes over into the
known PBGS action of the ordinary D = 4 superme-
mbrane [12] in the limit of the infinite AdS radius.
The bosonic core of the action is a 3-dimensional ana-
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log of the scale invariant 4-dimensional Maldacena ac-
tion [5]. We also show how this bosonic membrane ac-
tion can be independently derived from the appropriate
nonlinear realization of the AdS4 group SO(2,3). The
derivation can be directly extended to the generic case
of (D − 2)-brane in AdSD . The AdS (super)groups
can be realized as (super)conformal groups on the (su-
per)spaces the bosonic dimension of which is 1 less
than that of the AdS (super)spaces. In the case at hand
the AdS supersymmetry is OSp(1|4), and it amounts
to a nonlinearly realized N = 1, d = 3 superconfor-
mal symmetry on the worldvolume superspace of the
supermembrane.
2. AdS4 membrane from the coset approach
We start with the case of AdS4 membrane. Whereas
it is known how to derive the static-gauge Nambu–
Goto action for the branes in the d-dimensional flat
Minkowski background from the nonlinear realiza-
tions (coset) approach applied to the relevant Poincaré
group [13,14], no such a self-contained derivation was
given for AdS branes. The algebra of the AdS4 group
SO(2,3) in the d = 3 spinor notation reads:
[Mab,Mcd ] = εacMbd + εadMbc + εbcMad + εbdMac
≡ (M)ab,cd,
[Kab,Kcd ] = −(M)ab,cd,
[Mab,Kcd ] = (K)ab,cd,
[Mab,Pcd ] = (P )ab,cd,
[Kab,D] = −2Pab + 2mKab,
[Pab,D] = −2mPab, [Pab,Pcd ] = 0,
[Kab,Pcd ] = −2(εacεbd + εbcεad)D −m(M)ab,cd,
(2.1)a, b, c, d = 1,2.
The contraction parameter m is proportional to the
inverse AdS4 radius, and
P
†
ab = Pab, M†ab =−Mab,
(2.2)K†ab =−Kab, D† =D, m† =−m.
The SO(1,2) generators Mab together with Kab form
the algebra of the D = 4 Lorentz group SO(1,3).
As m→ 0, (2.1) becomes the algebra of the D = 4
Poincaré group. Another basis may be defined as
(2.3)K˜ab = 1
m
Kab − 12m2Pab, D˜ =
1
m
D,
which are the standard d = 3 special conformal and
dilatation generators:[
K˜ab, K˜cd
]= 0, [Mab, K˜cd]= (K˜)ab,cd,[
K˜ab, D˜
]= 2K˜ab, [Pab, D˜]=−2Pab,
(2.4)
[
K˜ab,Pcd
]=−2(εacεbd + εbcεad)D˜ − (M)ab,cd.
In the basis (2.1) the d = 3 Poincaré subalgebra
∝ (Pab,Mab) is manifest (together with the mani-
fest so(1,3)). The generators (Pab,D) form the ma-
ximal solvable subalgebra of so(2,3). Any AdSD al-
gebra so(2,D − 1) can be written in the basis where
the (D − 1)-dimensional Poincaré algebra is mani-
fest, the (D − 1)-dimensional translation operator to-
gether with the dilatation generator form a solvable
subalgebra and the D-dimensional Lorentz algebra
so(1,D − 1) is manifest [15]. This basis, the partic-
ular case of which is just (2.1), is indispensable while
considering AdS branes.
Now we consider the coset SO(2,3)/SO(1,2) para-
metrized by:
(2.5)g = exabPabeq(x)DeΛab(x)Kab.
The parameters xab = −(xab)† and q(x) = −q†(x)
provide a specific parametrization of the coset
SO(2,3)/SO(1,3) ∼ AdS4, just adapted to the above
solvable-subgroup basis of so(2,3). The vector field
Λab(x)= (Λab(x))† parametrizes the coset SO(1,3)/
SO(1,2). We shall see that its inclusion is imperative
for deducing the AdS4 membrane action from the coset
approach. Taking into account that the parameters as-
sociated with Pab are the d = 3 space–time coordi-
nates, the resulting nonlinear realization actually de-
scribes the spontaneous breaking of SO(2,3) down to
its d = 3 Poincaré subgroup. The latter will finally re-
main the only linearly realized subgroup.
The full set of the SO(2,3) transformations of the
coset parameters in (2.5) can be found by acting on
(2.5) from the left by various SO(2,3) group elements.
The d = 3 conformal transformations of the AdS4
coordinates (xab, q(x)) are generated by the element
g0 = ebabK˜ab :
δxab = 4(x2bab − 2xcdbcdxab)− 12m2 e4mqbab,
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(2.6)δq =− 4
m
xabbab.
These transformations provide a specific nonlinear re-
alization of the d = 3 conformal group algebra, such
that the Goldstone field q(x) is present in the confor-
mal transformation of xab. Just this realization will
prove to underly the AdS4 membrane. The building-
blocks in constructing the action are left-invariant Car-
tan one-forms:
(2.7)g−1 dg = ωP · P +ωDD +ωK ·K +ωM ·M.
For our purposes it suffices to know the expressions
for ωabP ans ωD :
ωabP = e−2mq
(
dxab + 4λ
abλcd dx
cd
1− 2λ2
)
+ 2λ
ab dq
1− 2λ2
(2.8)≡Eabcd (q,λ) dxcd,
ωD = 1+ 2λ
2
1− 2λ2
(
dq + 4e
−2mqλab dxab
1+ 2λ2
)
,
(2.9)λab ≡ tanh
√
2Λ2√
2Λ2
Λab, λ2 = λabλab.
The field λab can be covariantly expressed through
q(x) by the inverse Higgs [17] constraint
ωD = 0 ⇒ 4λab1+ 2λ2 =−e
2mq∂abq
⇒ λab =−12e
2mq ∂abq
1+
√
1− 12e4mq(∂q)2
⇒Eabcd (q)= e−2mqδ(a(c δb)d)
− 1
2
e2mq
1
1+
√
1− 12e4mq(∂q)2
(2.10)× ∂abq∂cdq.
The simplest appropriate invariant is the covariant
volume of the d = 3 space, ∫ d3x detE(q), and the
correct invariant action vanishing when q is constant
reads (up to a normalization factor)
S =
∫
d3x
[
e−6mq − detE(q)]
(2.11)
=
∫
d3x e−6mq
(
1−
√
1− e
4mq
2
∂abq∂abq
)
.
By construction, it possesses all symmetries of the
AdS4 space and in the limit m= 0 goes into the static-
gauge Nambu–Goto action for a membrane in D = 4
Minkowski space. The term ∼ ∫ d3x e−6mq is invari-
ant under the transformations (2.6) and dilatations on
its own right.
An equivalent way to obtain (2.11) is to start from
the action
S =
∫
d3x
[
e−6mq − detE(q,λ)]
(2.12)=−2
∫
d3x e−6mq
(
2λ2 + e2mqλab∂abq
1− 2λ2
)
,
where Eabcd (q,λ) was defined in (2.8). Equation of
motion for λab yields the inverse Higgs expression
(2.10). Substituting it back into (2.12) brings the latter
into the form (2.11). To see that the action (2.11)
indeed describes a membrane embedded into the AdS4
background, let us look at the induced distance defined
as the square of ωabP =Eabcd (q) dxcd :
ds2 = ωabP ωP ab
(2.13)= e−4mq(dxab dxab)− 12 dq dq.
IntroducingU = e−2mq and rescaling xab = 1
2
√
2m
x˜ab,
one can rewrite (2.13) and (2.11), up to some overall
constant factors, as
ds2 =U2(dx˜ab dx˜ab)−(dU
U
)2
,
(2.14)S =
∫
d3x˜ U3
(
1−
√
1− (∂˜U · ∂˜U)
U4
)
.
Thus ds2 is recognized as the standard invariant inter-
val on AdS4, while S as the d = 3 analog of the Mal-
dacena scale-invariant brane action on AdS5 [5] (ac-
tually, of the scalar fields piece of his full D3-brane
action). The derivation of this form of the AdS4 in-
terval from the coset SO(2,3)/SO(1,3) parametrized
by coordinates associated with the solvable subgroup
generators (and a generalization to the generic case of
AdSD), as well as deducing the field-dependent con-
formal transformations (2.6), were given in [15] (see
also [16]). A novel point provided by our construc-
tion is the explicit derivation of the AdS4 membrane
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action from the coset approach. It can be straight-
forwardly extended to the generic case of (D − 2)-
brane in AdSD in a static gauge [8,11]. In this case,
the only basic Goldstone field is dilaton q(x), while
an analog of the extra 3-dimensional coset factor
SO(1,3)/SO(1,2) in (2.5) is the (D− 1)-dimensional
coset SO(1,D − 1)/SO(1,D − 2), with the parame-
ters basically becoming x-derivatives of the dilaton
after employing the inverse Higgs constraints. The
conformally-invariant (D − 2)-brane action is an ob-
vious modification of (2.11), (2.14).
The mixed λ, q representation for the membrane
action (2.12) implies a new interesting (and rather
strange) type of duality seemingly specific just for the
AdS (super)branes. To reproduce the standard AdS4
membrane action (2.11), we eliminated λab by its
algebraic equation of motion. On the other hand, we
can firstly vary (2.12) with respect to q , with the result
∂abF
ab = 6me−2mq(1−√1+ 2F 2 ),
(2.15)Fab ≡ 2λ
ab
1− 2λ2 .
In the flat limit m = 0 this equation becomes
∂abF
ab = 0 and can be interpreted as the Bianchi iden-
tity for a d = 3 Maxwell strength Fab. After substitu-
tion of Fab expressed through the d = 3 gauge po-
tential back into the m = 0 form of (2.12), the lat-
ter becomes the d = 3 Born–Infeld action [14], thus
displaying the well known d = 3 duality between the
membrane Nambu–Goto action in a static gauge and
the d = 3 Born–Infeld action [18]. The situation rad-
ically changes in the m = 0 case: (2.15) does not
longer impose any differential constraint on Fab and
should be rather regarded as the equation expressing q
through Fab:
(2.16)e−2mq = 1
6m
(∂ · F)
1−√1+ 2F 2 .
In terms of the independent field Fab(x), the action
(2.12) takes the form
(2.17)S =−1
2
(
1
6m
)3 ∫
d3x
(∂ · F)3
(1−√1+ 2F 2 )2 .
Thus, instead of the familiar NG–BI duality of the flat
case, in the AdS4 case the membrane with the scale-
invariant action (2.11) proves to be dual (in the above
sense) to some nongauge d = 3 vector field theory
with the action (2.17) which is singular in the limit
m→ 0. For the time being, the precise meaning of
such a theory is unclear to us.
3. AdS4 supermembrane
Our starting point will be the N = 1 AdS4 superal-
gebra osp(1|4) in the following basis
{Qa,Qb} = 2Pab, {Sa,Sb} = 2Pab − 4mKab,
{Qa,Sb} = 2εabD− 2mMab,
[Mab,Qc] = εacQb + εbcQa ≡ (Q)ab,c,
[Mab,Sc] = (S)ab,c, [Kab,Qc] = (S)ab,c,
[Kab,Sc] = −(Q)ab,c, [Pab,Qc] = 0,
[Pab, Sc] = −2m(Q)ab,c, [D,Qa ] =mQa,
(3.1)[D,Sa] = −mSa.
The bosonic generators are the same as in the pre-
vious section. The generators Qa , Pab, Mab form
N = 1, d = 3 super Poincaré algebra. The genera-
tors Sa in this basis have the same dimension as Qa
(Qa = (Qa)†, Sa = (Sa)†). The passing to the confor-
mal basis, besides the redefinitions (2.3), implies the
rescaling Sa = mS˜a , such that S˜a has the dimension
opposite to Qa and is the d = 3 conformal supersym-
metry generator. The advantage of the basis (3.1) is
that it manifests the N = 1, d = 3 super Poincaré sub-
algebra of osp(1|4) and still yields the N = 1, D = 4
super Poincaré algebra in the contraction limit m= 0.
The N = 1, d = 3 Poincaré supertranslations subalge-
bra ∝ (Qa,Pab) together with the generator D form
the maximal solvable supersubalgebra of osp(1|4).
We wish to construct a OSp(1|4) extension of the
AdS4 membrane action (2.11), such that it possesses a
manifest N = 1, d = 3 supersymmetry extending the
manifest d = 3 Poincaré worldvolume invariance of
(2.11), and reproduces the action of the flat N = 1,
D = 4 supermembrane [12] in the limit m = 0. Just
like the latter is the Goldstone superfield action for
the 1/2 breaking of the N = 1, D = 4 Poincaré
supersymmetry, the action we are seeking for must be
a Goldstone superfield action for the 1/2 spontaneous
breaking of the OSp(1|4) supersymmetry down to its
N = 1, d = 3 super Poincaré subgroup.
The construction of the AdS4 supermembrane ac-
tion is not so straightforward as in the bosonic case.
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Already in the case of flat N = 1, D = 4 supermem-
brane [12] the correct action is by no means a covariant
supervolume of the N = 1, d = 3 superspace. The cor-
responding superfield Lagrangian density is not a ten-
sor. It is rather of Chern–Simons or WZW type, since
it is shifted by a full derivative under the nonlinearly
realized half of full supersymmetry. The only known
way of constructing such Goldstone superfield actions
proceeds from a linear realization of the partially bro-
ken supersymmetry in some appropriate superspace.
The nonlinear realization is recovered by imposing
proper covariant constraints on the corresponding su-
perfields (see, e.g., [19,20]). The correct Goldstone su-
perfield actions arise from some simple superfield in-
variants of the initial linear realization after enforcing
these constraints. There is a systematic way of search-
ing for such covariant constraints [21–23]. We shall
apply these techniques to construct the PBGS action
of the AdS4 supermembrane.
As a first step we need to define the appropriate
analog of the aforementioned linear realization. It
turns out that in the AdS case it is already a sort of
nonlinear realization, but with weaker nonlinearities
as compared to the final nonlinear realization. As a
natural superextension of the bosonic coset element
(2.5) we choose
(3.2)g = exabPabeθaQaeψaSa eu(z)DeΛab(z)Kab.
Here, the parameters z ≡ (xab, θa,ψa) are N = 2,
d = 3 superspace coordinates, while u = u(z) and
Λab(z) are Goldstone superfields given on this super-
space. The subspace spanned by the coordinate set ζ ≡
(xab, θa) is the flat N = 1, d = 3 superspace in which
N = 1, d = 3 Poincaré supertranslations ∝ (Qa,Pab)
are realized in a standard way:
δxab = aab − 1
2
(
'aθb + 'bθa),
(3.3)δθa = 'a.
These transformations correspond to the left shift of
(3.2) by g0 = eaabPabe'aQa . The rest of the OSp(1|4)
transformations except for the SO(1,2) rotations is
nonlinearly realized on the coset coordinates, mixing
the N = 2 superspace coordinates with the Goldstone
superfield u(z). Acting on (3.2) from the left by the
element g0 = eηaSa , we find the explicit form of the
broken supersymmetry transformations
δxab = 2m(θaxbc + θbxac)ηc
+ 1
2
e4mu
(
ψaηb +ψbηa)
+ 3
2
me4muψ2
(
θaηb + θbηa),
δθa = 4mxacηc +mθ2ηa − 3me4muψ2ηa,
δu= 2θaηa,
(3.4)δψa = ηa − 2m(ηbθbψa − ηaθbψb − ηbθaψb).
As follows from (3.1), all bosonic transformations are
actually contained in the closure of the supersymme-
try transformations. Covariant derivatives of the Gold-
stone superfield u(z) can be constructed by the super-
coset element (3.2) following the generic guidelines of
the nonlinear realizations method. Of actual need for
us will be the spinor covariant derivatives:
∇˜Qa u=
1√
1− 2λ2
(∇Qa − 2λba∇Sb )u,
(3.5)∇˜Sa u=
1√
1− 2λ2
(∇Sa + 2λba∇Qb )u,
∇Qa u= emu
(
Da −mψ2 ∂
∂ψa
)
u− 2emuψa
≡ ∇̂Qa u− 2emuψa,
(3.6)
∇Sa u= e−mu
[
∂
∂ψa
+ e4mu(ψb∂ab + 3mψ2Da)]u.
Here
(3.7)Da = ∂
∂θa
+ θb∂ab, {Da,Db} = 2∂ab,
is the standard covariant spinor derivative of N = 1,
d = 3 Poincaré supersymmetry. In what follows we
shall need only the “semi-covariant” derivatives (3.6),
so the vector Goldstone superfield λab will never
appear.
What we have at this stage, is a nonlinear realiza-
tion of the N = 1 AdS4 supergroup on the N = 2,
d = 3 Goldstone superfield u(x, θ,ψ):
δ∗u(x, θ,ψ)
=−(δxab∂ab + δθa∂θa + δψa∂ψa )u(x, θ,ψ)
(3.8)+ 2θaηa,
238 F. Delduc et al. / Physics Letters B 529 (2002) 233–240
where δ∗ means the “active” form of the infinites-
imal transformations. The first component in the θ ,
ψ expansion of u can be regarded as the Goldstone
dilaton field discussed in the previous section. The
spinor derivative Dau is shifted by ηa under the
S-supersymmetry, suggesting that we actually face the
1/2 spontaneous breaking of the AdS4 supersymmetry,
with Dau|ψ=0 as the corresponding Goldstone fermi-
onicN = 1 superfield. However, u contains extra com-
ponent fields having no immediate Goldstone interpre-
tation. To construct the minimal Goldstone multiplet,
we resort to the method which was applied in [23]
to d = 2 PBGS systems and, in [4], to the flat-space
N = 1, D = 4 supermembrane. Following the reason-
ings of [4] and keeping in mind that the scalar mul-
tiplets of N = 1 AdS4 supergroup are represented by
chiral N = 1, D = 4 or N = 2, d = 3 superfields,1
we regard the Goldstone superfield u(z) to be complex
and subject it to the covariant chirality constraint
(3.9)(∇Qa − i∇Sa )u= 0.
In view of the relation
(3.10)∇Qa ± i∇Sa =
δba ∓ iλba√
1− 2λ2
(∇˜Qb ± i∇˜Sb ),
Eq. (3.9) is covariant with respect to the whole
OSp(1|4). Using the explicit form of the covari-
ant derivatives (3.6), it is easy to check the self-
consistency condition( ∇̂Qa − i∇Sa )(∇Qb − i∇Sb )u
+ ( ∇̂Qb − i∇Sb )(∇Qa − i∇Sa )u
= T cab
(∇Qc − i∇Sc )u.
The constraint (3.9) can be solved by expanding u
in powers ofψa . It is easy to check that (3.9) expresses
all terms in this expansion in terms of u0 ≡ u|ψa=0 and
Dau0, e.g.,
(3.11)∂u
∂ψa
∣∣∣∣
ψ=0
=−ie2muDau
∣∣
ψ=0.
1 From the structure relations (3.1) it is seen that the complex
combinations of spinor generators Qa + iSa or Qa − iSa form
closed subgroups together with the bosonic SO(1,3) generators
Kab , Mcd , thus showing the existence of two conjugated chiral
subspaces in the OSp(1|4)/SO(1,3) superspace (xab, θa,ψa,q)
[24].
Thus the complex N = 1, d = 3 superfield
u0(x, θ)≡ q(x, θ)+ iΦ(x, θ),
(3.12)q† =−q, Φ† =−Φ,
incorporates the full irreducible field content of the
N = 2, d = 3 Goldstone chiral superfield u(x, θ,ψ).
Its S-supersymmetry transformation reads
(3.13)δu0 = Lu0 + 2ηaθa + ie2muηaDau0,
(3.14)
L≡−m(θ2ηa + 4xabηb) ∂
∂θa
+ 4mηcθbxac∂ab.
For the imaginary and real parts of u0 Eq. (3.13)
implies the following transformation rules
δq = Lq − e2mqηa[sin(2mΦ)Daq + cos(2mΦ)DaΦ]
+ 2ηaθa,
δΦ = LΦ + e2mqηa[cos(2mΦ)Daq
(3.15)− sin(2mΦ)DaΦ
]
.
The nonlinear realization we have at this step
is still nonminimal. Besides the N = 1 superfield
q(x, θ) which contains all Goldstone fields required
by the 1/2 breaking of OSp(1|4) down to its N = 1,
d = 3 Poincaré subgroup (q|θ=0 for the dilatations,
(Daq)|θ=0 for the broken S-transformations and
∂abq|θ=0 for the broken SO(1,3)/SO(1,2) transfor-
mations), there is an extra non-Goldstone N = 1,
d = 3 superfield Φ(x, θ). The last step is to eliminate
the latter in terms of q and its derivatives by imposing
some nonlinear covariant constraint on u0(x, θ), anal-
ogous to the constraints imposed in the flat case [12].
The precise form of such a constraint can be found
by the method of Refs. [21–23]. Skipping details, the
constraint is
Φ = e
2mqDaqDaq
4+ e2mqD2Φ
(3.16)⇐⇒Φ = e
2mqDaqDaq
2+√4+ e4mqD2(DbqDbq) .
It can be directly checked to be covariant with respect
to the transformations (3.15). From our superfield u0
we can construct the two simplest invariants
S1 = 12
∫
d3x d2θ
(
e−4mu0 + e4mu†0)
(3.17)=
∫
d3x d2θ e−4mq cos(4mΦ),
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S2 =− 12im
∫
d3x d2θ
(
e−4mu0 − e4mu†0)
(3.18)= 1
m
∫
d3x d2θ e−4mq sin(4mΦ).
In view of the nilpotency of Φ defined by Eq. (3.16),
only the terms of the lowest order in Φ survive in S1
and S2. So the actions take the form
(3.19)S1 ∼
∫
d3x d2θ e−4mq,
(3.20)
S2 ∼
∫
d3x d2θ
e−2mqDaqDaq
2+√4+ e4mqD2(DbqDbq) .
Relevant for our purposes is just S2, because it
contains the kinetic term of q(ζ ). After eliminating
the auxiliary field B = D2q|θ=0, the bosonic part of
S2 coincides with the action (2.11).
We come to the conclusion that the Goldstone
superfield action (3.20) is the natural superexten-
sion of the conformally-invariant AdS4 membrane ac-
tion (2.11). Besides being manifestly invariant under
N = 1, d = 3 Poincaré supersymmetry, it is invari-
ant under the nonlinearly realized part of N = 1 AdS4
supersymmetry OSp(1|4) which acts on the N = 1,
d = 3 superworldvolume as the Goldstone superfield-
modified d = 3 superconformal transformations. Thus
it is a PBGS superfield form of the worldvolume action
of N = 1 AdS4 supermembrane. In the limit m→ 0
it reduces to the flat N = 1, D = 4 supermembrane
PBGS action of [12].
4. Conclusions
In this Letter, proceeding from a 1/2 partial break-
ing of the N = 1 AdS4 supersymmetry in the non-
linear realizations description, we have constructed
the worldvolume superfield action (3.20) for AdS4 su-
permembrane. It is the first example of the complete
PBGS Goldstone superfield action for superbranes on
curved superbackgrounds and, in particular, for AdS
superbranes. Its main feature is that the spontaneously
broken part of OSp(1|4) is realized as a Goldstone-
superfield modified d = 3 superconformal symmetry.
Like in the case of flat supermembrane [12], the su-
perfield Lagrangian density of the AdS4 supermem-
brane PBGS action is not of a tensor form, it is shifted
by a full derivative under the broken part of OSp(1|4)
transformations.
Our consideration here can be regarded as a first
step towards constructing analogous worldvolume su-
perfield actions for more interesting examples of
branes on the superbackgrounds with the AdSn × Sm
bosonic body, including the appropriate Dp-branes.
It still remains to examine how such actions are re-
lated to those of the Green–Schwarz type. Usually,
the component on-shell form of PBGS actions coin-
cides with a static-gauge form of the appropriate G–S
actions, with properly gauge-fixed κ-supersymmetry
[25]. Their full off-shell superfield form can be re-
covered from the superembedding approach [26,27].
It would be of interest to establish similar relation-
ships for PBGS actions of AdS branes. Note that
there is a problem of the most convenient choice of
the κ-symmetry gauge-fixing in the worldvolume ac-
tions of AdS superbranes (see, e.g., [10,16,28]). The
PBGS approach yields the superbrane actions at once
in terms of the physical worldvolume degrees of free-
dom, therefore no such problems arise.
Finally, let us shortly comment on some related
works. The partial breaking of D = 4 superconfor-
mal symmetries down to the corresponding Poincaré
supersymmetries in the nonlinear realizations super-
space framework has been considered in [29]. There,
the superconformal symmetries are not regarded as the
AdS ones in higher dimensions and their realization
on the Poincaré superspace coordinates has the stan-
dard form [30] involving no nonlinear Goldstone su-
perfield terms as in our AdS realization. Respectively,
the Goldstone superfield actions of [29] admit no di-
rect superbrane interpretation.
In [31], in a similar nonlinear realizations setting,
a partial breaking of N = 2 AdS supersymmetries in
D = 3,2 to their N = 1 AdS subgroups was consid-
ered. The corresponding invariant Goldstone super-
field actions (yet to be constructed) seem to bear no
direct links to AdS superbranes. They should be man-
ifestly invariant under N = 1 AdS3,2 supersymmetries
and so explicitly include the superspace coordinates,
along the line of Ref. [24]. This is in contrast with
our action (3.20) which reveals manifest N = 1, d = 3
Poincaré supersymmetry.
In a recent preprint [32], a nonlinear realization of
N = 1, D = 4 superconformal symmetry SU(2,2|1)
treated as N = 1 AdS5 supersymmetry was con-
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structed. Conceptually, the approach of [32] is close
to ours. However, the invariant N = 1, d = 4 Gold-
stone superfield action suggested there seems not to
be the appropriate one to describe AdS5 super 3-brane.
Its Lagrangian (covariantized N = 1, d = 4 supervol-
ume) behaves as a density under the broken transfor-
mations, while the correct minimal PBGS superbrane
action is expected to be of nontensor type, like the ac-
tion constructed here.
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